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It is estimated that more than 1 million individuals will be affected annually by hepatocellular 
carcinoma (HCC) by 2025. HCC can be broadly grouped into two major molecular subgroups, 
each of which is characterized by specific morphological and phenotypic features that 
mirror the genetic background. The use of these tissue biomarkers in the daily practice of 
pathologists promises to better allocate patients with HCC with adequate treatments. In 
turn, this will likely boost the attitude of clinicians toward obtaining a pre-treatment biopsy.   
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EPIDEMIOLOGY

Over the past three decades, the incidence of hepatocellu-

lar carcinoma (HCC) has been rising, and this trend is ex-

pected to continue through 2030.1 In 2018, liver cancer was 

the 6th most common cancer worldwide, with 841,080 new 

cases, and it was also the 4th leading cause of cancer-related 

deaths globally. By 2025, it is estimated that more than 1 mil-

lion individuals will be affected by liver cancer annually.2 The 

vast majority (>90%) of HCC cases occur in the setting of 

chronic liver disease, and cirrhosis of any etiology is the 

strongest risk factor for HCC.3,4 Among the various etiolo-

gies, chronic hepatitis B virus (HBV) and hepatitis C virus 

(HCV) infections and non-alcoholic fatty liver disease/non-

alcoholic steatohepatitis (NAFLD/NASH) play a major role. 

The lifetime risk of HBV-infected persons in developing cir-

rhosis and/or HCC is 15% to 40%.5-7 The introduction of di-

rect acting antiviral therapy resulted in a 50-80% reduction 

in the risk of developing HCC in patients with HCV infec-

tion.5-7 Nonetheless, chronic HCV infection is still associated 

with 50% of liver cancer in the USA.8 NAFLD/NASH has a 

global prevalence of 24%, with the highest rates reported in 

South America and the Middle East (≈30-35%).9 Since 2010, 

the proportion of NASH-associated HCC has rapidly in-

creased, and NASH-associated HCC currently represents 15-

20% of HCCs in the West.10 

DIAGNOSIS

In patients with liver cirrhosis, the presence of a typical 

vascular pattern is sufficient for the diagnosis of HCC with-

out histological confirmation.3,4 HCC lesions are brighter 

than the surrounding liver in the arterial phase on computed 

tomography or magnetic resonance imaging and less bright 

than the surrounding parenchyma in the venous and delayed 

phases. This phenomenon of ‘arterial enhancement and de-

layed washout’ is regarded as the radiological hallmark of 
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HCC and has a sensitivity of 89% and a specificity of 96% for 

HCC.11 Alpha-fetoprotein (AFP) and other serum biomark-

ers generally have a minor role in the diagnosis of HCC.

GROSS PATHOLOGY

Single HCC can be classified as “vaguely nodular” (a nodule 

with indistinct margins), “expanding nodular” (a round ex-

pansile nodule with a distinct margin), “multinodular conflu-

ent” (cluster of small and confluent nodules), “nodular with 

perinodular extension” (extranodular growth in <50% of the 

circumference), and “infiltrative” (extranodular growth in 

>50% of the tumor circumference).12 Single HCC with nodular 

morphology have favorable outcomes compared with those 

with multinodular, perinodular, or infiltrative growth pat-

terns.13-16 In up to 30% of cases, HCC present with multiple, 

clearly separated tumors, in which case the number of lesions 

should be recorded, and each lesion should be described in de-

tail. A satellite nodule is a small nodule close to the main tumor 

(<2 cm).

MICROSCOPIC PATHOLOGY

Histological classification of HCC is performed based on 

the architectural growth patterns (microtrabecular, macro-

trabecular, pseudoglandular, compact), cytological aspects 

(clear cell, fatty change, cholestasis, pleomorphic cells, spin-

dle cells), and tumor grade, as defined by the World Health 

Organization.17 Approximately one third of HCCs can be 

classified as specific histotypes described in the following 

paragraphs (Fig. 1).18 It should be noted that different micro-

scopic features frequently co-exist in the same lesion. 

1. CTNNB1-mutated (cholestatic) HCC

CTNNB1  encodes β-catenin, which is a key intracellular 

transducer of the WNT signaling pathway that regulates liver 

physiology and zonation.18 Mutations in CTNNB1  result in 

β-catenin stabilization and its subsequent nuclear accumula-

tion, where it enhances cell proliferation and survival. CTN-

NB1 -mutated HCCs are characterized by microtrabecular 

and pseudoglandular growth patterns, intratumoral cholesta-

sis, lack of immune infiltration, glutamine synthetase (GS), 

and nuclear β-catenin expression at the phenotypical lev-

el.19-23

2. Macrotrabecular-massive HCC (MTM-HCC)

MTM-HCC is defined by the presence of a macrotrabecu-

lar (trabeculae >6 cells thick) architectural pattern that con-

stitutes a major proportion (>50%) of the lesion, regardless 

of the associated cytological features. They are associated 

with aggressive clinicopathological characteristics, including 

frequent satellite nodules, and vascular (micro and/or mac-

ro) invasion. Patients presenting with MTM-HCC are mostly 

infected with HBV and present with high alpha-fetoprotein 

serum levels.21,24 MTM-HCCs often demonstrate TP53 mu-

tations and/or FGF19 amplification, in addition to angiogen-

esis activation, with overexpression of angiopoietin 2 and 

vascular endothelial growth factor A (VEGFA).19,21 A recent 

study further proved that MTM-HCC is characterized by 

higher expression of genes related to angiogenesis and identi-

fied ESM1 as a specific biomarker, also at the immunohisto-

chemical level, of endothelial cells (EC) of MTM-HCC.25

3. Scirrhous HCC

The scirrhous subtype of HCC is characterized by an ad-

mixture of abundant dense fibrous stroma and neoplastic 

cells. The tumor cells frequently express markers associated 

with progenitor or cancer stem cells, including CK7, CK19, 

or CD133. Consistent with its characteristic histological ap-

pearance, scirrhous HCC has been associated with trans-

forming growth factor beta (TGF-β) pathway activation, 

overexpression of VIM, SNAIL, SMAD4, and TWIST, and 

features of epithelial-to-mesenchymal transition.19,26

4. Steatohepatitic HCC (SH-HCC)

These tumors are usually well-differentiated and character-

ized by intratumoral inflammatory infiltrates, tumor cell bal-

looning, pericellular fibrosis, and Mallory-Denk bodies.27 At 

the phenotypical level, the neoplastic cells demonstrate over-

expression of C-reactive protein (CRP), which is a target 

gene of the Janus kinase/signal transducers and activators of 

transcription protein (JAK/STAT) signaling pathway.19 SH-
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HCC are significantly enriched in patients with NASH and 

alcoholic steatohepatitis (ASH). The molecular profiles of 

SH-HCC developing in the setting of ASH or NASH are 

similar, suggesting that steatohepatitis per se , rather than the 

Figure 1. Microscopic pathology of hepatocellular carcinoma (hCC) (hematoxylin-eosin stain). (A, B) A well-differentiated hCC with a thick 
perilesional capsule, characterized at higher magnification by pseudoglandular structures filled with bile and showing strong and homogenous 
immunoreactivity to glutamine synthetase (inset). These findings are consistent with the diagnosis of CTNNB1-mutated-hCC. (C, d) hCC showing a 
homogenous and diffuse presence of macrotrabeculae, consistent with the diagnosis of macrotrabecular-massive hCC. (e, f) This hCC is 
characterized by diffuse steatosis at scanning magnification and hepatocytes with Mallory-denk bodies and ballooning, intermingled with scattered 
inflammatory infiltrates at higher magnification. These features are consistent with the diagnosis of steatohepatitic hCC. (g, h) hCC showing 
homogenous presence of a rich immune infiltrate, which at higher magnification are confirmed to be lymphocytes surrounding neoplastic cells. 
These findings are consistent with the diagnosis of lymphocyte-rich hCC. (i, J) Scirrhous hCC characterized by the diffuse presence of fibrous stroma, 
surrounding neoplastic cells. (K, L) This hCC is characterized by the diffuse presence of clear cell changes, consistent with a clear cell variant. 
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underlying liver disease, plays a major role at the cancer on-

set.28

A recent study showed that non-viral HCC, particularly 

HCC developing in the setting of NASH, is less responsive to 

immunotherapy, further encouraging an adequate histo-

pathological classification of HCC and surrounding liver 

background to properly address patients with different treat-

ments.29

5. Lymphocyte-rich HCC

This rare histotype is characterized by the presence of lym-

phocytes which outnumber the neoplastic cells in most fields 

on microscopic examination.17 Lymphocyte-rich HCC has 

been associated with a more favorable overall survival, which 

supports the hypothesis that intratumoral lymphocytic infil-

tration may exert an antitumor effect.30 The infiltrating lym-

phocytes are predominantly cytotoxic CD8+ T-lymphocytes 

and demonstrate increased PD-L1 and PD1 expression.30,31 

Unlike some other cancers, such as colon and lung cancer, in 

which lymphocytic infiltration has been linked with micro-

satellite instability and/or high mutational burdens,32 none of 

these lymphocyte-rich HCCs have been found to possess mi-

crosatellite instability or to be associated with a higher num-

ber of somatic mutations.20,30 

IMMUNE CLASSIFICATION OF HCC

The existence of a specific subgroup of HCC characterized 

by enrichment in immune features, both at molecular and 

morphological levels, was first proved by Sia et al.20 The study 

demonstrated that approximately 25% of HCC cases belong 

to this immune class; it also showed that this rich immune 

infiltrate can be either active or exhausted: the former is 

characterized by overexpression of adaptive immune re-

sponse genes and favorable outcome, the latter by immuno-

suppressive signals and poor outcome. However, the study 

failed to identify significant differences between the active 

and exhausted subgroups in terms of morpho-phenotypical 

features, such as the amount of immune infiltration and ter-

tiary lymphoid structures (TLS) or PD-L1/PD-1 expression. 

The same study also demonstrated the existence of a sub-

group of HCC devoid of immune infiltrates associated with 

CTNNB1 mutations, which was later defined as an immune-

exclusion class.33 A further study by Kurebayashi et al.34 better 

dissected the morphological and phenotypical landscape of 

the HCC immune microenvironment, suggesting that HCC 

with an immune-rich, active profile is significantly enriched 

among specific histotypes such as lymphocyte-rich and SH-

HCC or in HCC with specific microscopic features such as 

low vessel density or mild fibrosis. They also confirmed that 

most CTNNB1-mutated HCC belong to an immune-exclu-

sion class, even if some exceptions were recorded. Based on 

these findings, it was postulated that the immune-class, op-

posite to the immune-exclusion class, might benefit with im-

mune check point inhibitors (ICI) treatment.33 However, this 

hypothesis has not been proven yet.

MOLECULAR PATHOLOGY OF HCC

Several molecular HCC subclasses have been identified in the 

last decade. Currently, HCC can be broadly grouped into two 

major subgroups (Fig. 2).35-42 The non-proliferation class is 

characterized by chromosomal stability and frequent TERT 

promoter mutations.42-45 These HCCs show grade 1-2 differen-

tiation, lack vascular invasion, have low levels of AFP, and are 

related to NASH, ASH, and chronic HCV infection.19 Two dis-

tinct subgroups characterized this class: the WNT-β-catenin 

CTNNB1 subclass with low immune infiltration,19,43,45 and the 

interferon subclass, which demonstrates a highly activated IL6-

JAK-STAT signaling pathway, with a more inflamed tumor 

microenvironment. The other major class of HCC, the prolif-

eration class, is characterized by high chromosomal instability, 

global DNA hypomethylation, frequent TP53 mutations, and 

overexpression of cell cycle-associated genes.16,41,42 These HCCs 

show poor histological differentiation, frequent vascular inva-

sion, increased serum AFP levels, and more aggressive clinical 

behavior.19 The proliferation class can be further divided into 

two subclasses. The S1 subclass (or iCluster 3)44,45 demonstrates 

Wnt-TGFβ activation and is morphologically characterized by 

a rich but exhausted immune phenotype20 or as MTM and scir-

rhous histotypes. The S2 subclass (or iCluster 1)44,45 is charac-

terized by a progenitor-like phenotype, with the expression of 
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stem cell-related markers (CK19, EPCAM) and activation of 

the IGF2 and EPCAM signaling pathways.19

Despite great advances in HCC knowledge, the identifica-

tion of molecular subgroups did not identify categories with 

clearly different prognostic impacts or different responses to 

treatments. Accordingly, as detailed in the following section, 

HCC management is still based on clinical features, while 

specific biomarkers remain an unmet need.

TREATMENT

In general, surgical resection or liver transplantation is the 

first option in treating early-stage HCC, yielding the best 

outcomes with a 5-year survival of ~70-80%.3,4,46 HCC recur-

rence after hepatic resection reaches 70% at 5 years, even in 

patients with a single tumor ≤2 cm.47 The 10-year recur-

rence rate after transplantation ranges between 10-15% 

(within Milan criteria) and 20% (down-staged to the Milan 

criteria).48 Thermal ablation showed outcomes similar to sur-

gical resection in very early-stage disease (tumors <2 cm di-

ameter). Therefore, it is recommended as a first-line treat-

ment due to a lesser invasiveness and lower morbidity 

compared with surgery.49 Radiofrequency ablation and per-

cutaneous ethanol injection have both been demonstrated to 

be effective for small tumors, but radiofrequency ablation is 

superior for tumors larger than 2 cm.50,51 For intermediate-

stage HCC, transarterial chemoembolization (TACE) has 

been the most widely used treatment and the standard of 

care over the past two decades.49,52-54 TACE is recommended 

for patients who do not have vascular invasion or extrahe-

patic spread and are not candidates for liver transplantation, 

surgical resection, or local ablation due to a large tumor size 

or multifocality of the tumor,49,53 with an average median 

overall survival of ~30 months.54 Transarterial radioemboli-

zation (TARE) has shown efficacy in phase II investigations 

but has not been established as a primary standard of care by 

Figure 2. Molecular pathology of hepatocellular carcinoma (hCC). A summary of the correlations among molecular, genetic, morphological and 
clinical features of hCC. Tgfβ, transforming growth factor beta; iL6-JAK-STAT, interleukin 6-Janus kinase-signal transducers and activators of 
transcription protein; hCC, hepatocellular carcinoma; MTM, macrotrabecular-massive; hBV, hepatitis B virus; AfP, α-fetoprotein; CRP, C-reactive 
protein; gS, glutamine synthetase; hCV, hepatitis C virus; NASh, non-alcoholic steatohepatitis.
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guidelines.55 Approximately, 50-60% of patients with HCC, 

mostly at the advanced stage, will be treated with systemic 

therapies. Significant progress has been made in this field in 

recent years. Until 2020, the approved treatment (sorafenib56 

and lenvatinib57 as first-line treatment; regorafenib,58 cabo-

zantinib,59 and ramucirumab60 as second treatment) warrant-

ed a median survival of 8-10 months. However, this figure 

was more than doubled by the recently approved combina-

tion of atezolizumab (anti-PD-L1 antibody) and bevacizum-

ab (anti-VEGF antibody).61

PREDICTIVE TISSUE BIOMARKERS

The significant results obtained with atezolizumab plus 

bevacizumab suggest that the HCC microenvironment may 

play a key role in dictating the HCC outcome. Consistent 

with this, it has been shown that a peculiar vascular pheno-

type, characterized by CD34+ vessels encapsulating tumor 

clusters (VETC), strongly predicts the HCC outcome (Fig. 

3).23,62  VETC might be present in up to 40% of HCC23 and is 

associated with a higher attitude of tumoral cells to infiltrate 

vessels;23,62 moreover, it predicts the response to sorafenib.63 

Interestingly, we observed that VETC was associated with a 

low immune infiltrate and CTNNB1-pathway.23  The rela-

tionship between the vascular pattern and immune infiltrate 

was recently investigated at the deepest level by Kurebayashi 

et al.64 They proved the existence of distinct immuno-vascu-

lar subtypes that reflect the interaction between the immune 

microenvironment and tumor angiogenesis. In particular, 

they confirmed that VETC is significantly associated with the 

CTNNB1 pathway and low immune infiltrate. These HCCs 

have a worse prognosis and likely represent a good target for 

anti-angiogenic therapies. In contrast, HCC with rich im-

mune infiltrates are usually angiostatic and behave better. 

They also observed that not all HCC with a higher expression 

of angiogenic factors were VETC+ and showed that in these 

cases, T cells, B cells, and plasma cells were preferentially lo-

cated around tumor vessels. Accordingly, they speculated 

that this milieu might inhibit the effects of angiogenic factors 

on tumor vessels. 

Unfortunately, apart from alpha-fetoprotein which is used 

to select patients for ramucirumab, other biomarkers which 

may be used to identify patients who may respond to a spe-

cific treatment are lacking.65 
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Figure 3. Vascularization of hepatocellular carcinoma (hCC) (Cd34 immunohistochemistry, original magnification ×20). (A) Approximately 40% of 
hCC cases are characterized by a continuous layer of Cd34+ vessels encapsulating clusters of neoplastic cells, featuring a peculiar vascular 
phenotype described as VeTC . (B) in the remaining cases, Cd34 staining reveals a capillary distribution of vessels.
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